Background: An increasing number of studies are investigating traditional meditation retreats. Very little, however, is known about their effectiveness. Objective: To evaluate the effectiveness of meditation retreats on improving psychological outcomes in general population. Data Sources: A systematic review of studies published in journals or as dissertations in PSYCINFO, PUBMED, CINAHL or Web of Science from the first available date until October 22, 2016. Review Methods: A total of 20 papers (21 studies, N = 2912) were included. Results: Effect-size estimates of outcomes combined suggested that traditional meditation retreats are moderately effective in pre-post analyses (n = 19; Hedge's g = .45; 95% CI [.35, .54], p < .00001) and in analyses comparing retreats to controls (n = 14; Hedge's g = .49; 95% CI [.36, .61], p < .00001).
the translation of the Tibetan equivalent sgom may translate as "getting used to" or "familiarizing oneself" (3). One of the most commonly cited classifications of meditation practices suggests a fundamental distinction between two main meditative styles, mindfulness meditations (MM)/open monitoring meditations and concentrative meditations (CM)/focused attention meditations, depending on how the attentional processes are directed (4, 5) . While MM are characterized by open, non-judgmental awareness of the sensory and cognitive fields and include a meta-awareness or observation of the ongoing contents of thought, CM involve focused attention on a given object such as an image or a mantra, while excluding potential sources of distractions (6, 7) . It is worth mentioning that both types of meditation share a common background of focused attention but they subsequently take different directions depending on the specific meditation form (5, 8, 9) . Although different traditional paths place different emphasis upon MM and CM, there is general agreement that both types of meditation should be cultivated and that they could lead not only to spiritual achievements but also to significant health outcomes (e.g., 10, 11) .
Taking into account the long history of traditional meditation practices and the potential benefits for health outcomes, it is surprising that up to recently, very little effort has been directed toward the clinical investigation of health outcomes derived from these traditional ). Despite the considerable variation among mindfulness-based protocols, multiple systematic reviews and meta-analyses were conducted and found similar positive effects on both physical and psycho-physiological outcomes among clinical and nonclinical populations (16) (17) (18) (19) (20) (21) (22) (23) (24) . A recent systematic review and meta-analysis of 20 systematic reviews of randomized controlled trials using the standardized MBSR or MBCT programs found significant improvements in symptoms of depression, anxiety, stress, quality of life, and physical functioning in comparison with control groups such as wait list and treatment as usual (25) . Similar results were found in a review of 16 meta-analyses investigating the effects of MBSR or MBCT in clinical populations (26) .
While the mechanisms of action of these modern meditation-based treatments are not yet fully understood, many authors point towards the key role of attention and emotional regulation processes in their effectiveness (e.g., 27, 28, 29). A recent mediation analysis of 20 studies found strong, consistent evidence for reduced cognitive and emotional reactivity, moderate and consistent evidence for reduced rumination and worrying, and preliminary but insufficient evidence for increased self-compassion and psychological flexibility as mechanisms underlying mindfulness-based interventions (30) .
As mentioned above, although most meditation studies focused on recent standardized mindfulness-based interventions, it is worth mentioning that for centuries meditation has been primarily taught within the context of traditional spiritual paths and/or in intensive retreats,
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Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS 5 mainly based upon Vipassana and Shamatha practices. It is therefore surprising that up to recently, only a few studies specifically addressed this topic.
Vipassana meditation (VM), typically acknowledged as one of the main MM practices (7) , is supposed to be the meditation practiced by Gautama the Buddha more than 2500 years ago and is the most ancient of Buddhist meditations (31) . Literally, Vipassana means ''insight".
Individuals practicing VM assume the role of an observer of their thoughts and sensations. In doing so, they learn to be less judgmental. The main aim is to remain aware in the present moment and to achieve increased equanimity and insight into the fleeting nature of the self, which, in this process, is acknowledged as an ever-changing flow of psychophysical phenomena, void of any lasting self (32) . VM is currently typically taught in the West in a standardized intervention in form of a 10-day retreat as in the tradition lead by S. N. Goenka (33) . Course attendees practice up to eleven hours of meditation each day and watch videotaped discourses delivered by Goenka, which explicate Buddhist views of suffering, attachment, and craving.
In Shamatha meditation (SM), typically acknowledged as one of the main CM practices (5) , cognitive resources are directed toward a chosen target and away from uncontrolled, ruminative thoughts and cognitive perseverations (34) . During SM, the faculty of focusing attention on a given object such as the breath without distraction is trained. Shamatha includes introductory meditation practices in the Buddhist context for the development of a relaxed, stable, and clear mind (35) . Shamatha can be practiced for a few minutes daily or as an intensive meditation training -a retreat -for days, months, or even years. As the meditation practitioner engages in Shamatha practice, it is thought that he/she can progressively improve the ability to develop focused attention (5, 8) .
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Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS 6 In addition, in several Buddhist traditions, a third form of meditation, often referred to as "non referential compassion", is frequently cultivated (36) . This form of meditation aims at cultivating an intensive state of loving-kindness and can be viewed as different from mindfulness meditation. However, loving-kindness meditation shares strong resemblances with mindfulness practices. In fact, loving-kindness meditation has no specific object or focus and aims at cultivating an objectless awareness. Accordingly, it is considered by many authors and Buddhist masters as a variation of the mindfulness/OM meditation (e.g. 36).
Most of traditional meditation programs are delivered in form of a retreat based on VM, SM, or on a combination of both techniques and might include at times cultivating benevolent mental states, namely loving-kindness, compassion, empathic joy, and equanimity (34, 37 ). An increasing number of studies investigated these traditional meditation retreats in the last two decades. However, no meta-analysis directly examined their effectiveness so far.
Previous reviews included a few studies using intensive meditation or retreats without focusing explicitly on the effects of meditation retreats. For example, a systematic review of three clinical studies in incarcerated populations (38) found that VM reduced alcohol and substance abuse but not post-traumatic stress disorder symptoms among prisoners. A metaanalysis (18) examined meditation programs globally including transcendental meditation, mindfulness-based interventions, and traditional MM, but did not separately report outcomes of traditional MM programs. Another meta-analysis (39) , which comprised both mindfulness-based interventions and traditional MM programs, included three studies on meditation retreats. Results suggested that traditional MM programs might be less effective than mindfulness-based interventions. However, this meta-analysis as other reviews did not focus explicitly on the Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS  7 effectiveness of meditation retreats, which constitute the most traditional forms of MM programs.
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Objectives
To address the current gap about the effectiveness of traditional meditation retreats, we conducted a systematic review and meta-analysis of studies using traditional meditation retreats.
The objectives are as follows: (1) to quantify the magnitude of the effects of retreats on psychological outcomes; (2) to quantify the change of mindfulness levels, as well as of other possible moderators of outcomes, following the retreats and at the last follow-up; and (3) to explore moderator variables of the effectiveness of the retreats.
Method
Eligibility Criteria
To be included in this meta-analysis, the publication had to meet the following criteria:
(1) be published in the English language; (2) be included in the databases mentioned above; (3) include any type of traditional meditation retreat; (4) use any experimental or quasi-experimental design and (5) examine psychological outcome measures. Articles were excluded from this review due to the following criteria: (1) studies that did not evaluate the meditation program or implemented a qualitative design; (2) meditation retreat was part of a program or an intervention (e.g. MBSR); (3) they did not include psychological outcome measures; (4) data were already included in other papers comprised in the meta-analysis and thus redundant; and (5) reported data were not sufficient to compute effect sizes.
Information Sources
A systematic review of studies involving traditional meditation programs, including meditation retreats and intensive meditation was conducted. Studies were identified by searching 
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Search
We used the search terms meditation, mindfulness, vipassana, or buddh* combined with retreat or intensive.
Study Selection
Eligibility assessment was performed in a non-blinded, standardized manner by the first author and was revised by the third author. Disagreements between reviewers were resolved through discussions and, when required, the authors of the original studies were contacted for clarifications.
Data Collection Process
We developed an electronic data extraction sheet, pilot-tested it on three randomly selected studies, and refined it accordingly. Data collection was conducted in December, 2015 and revised in October 2016. When duplicate reports were identified for the same data, only the most recent ones were included.
Data Items
Information was extracted from each included trial based on: ( 
Risk of Bias in Individual Studies
To minimize the influence of data selection, we included data pertaining to all available outcomes, including, among others, anxiety, depression, stress, emotional regulation and quality of life. Among the potential mechanisms of action, we included measures of mindfulness, compassion, and acceptance. We included data from follow-ups when such data were available.
We also included a study quality score, which was comprised of items based on Jadad's criteria for assessing the quality of reports of clinical trials (40) and others pertaining to mindfulness/meditation. The included items are adherence of the program to traditional Buddhist programs (i.e. using Vipassana, Samatha, Loving-Kindness meditation, or a combination between them); administration of measures at follow-up; use of validated mindfulness measures (i.e., MAAS, KIMS, FMI, FFMQ, SMQ, MQ, or CAMS-R, for the complete names of these scales see the note at the end of Table 1 ); clinical training of facilitators (i.e., psychologists, trainees in psychology or social workers); and the mindfulness training/experience of facilitators (i.e., formal meditation training). For controlled studies, the items included whether or not participants were randomized between the treatment and control groups, whether or not participants in both groups spent an equal amount of time in treatment, and whether or not evaluators or experimenters were blind regarding the treatment/control conditions and/or participants were blind regarding the study's hypotheses. For all binary items (i.e., true or false), a value of 1 was assigned if the item was true and a value of 0 if it was false. As to study design, pre-post studies were assigned a value of 0; studies with a waitlist or no-treatment control group
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Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS  10 were assigned a value of 1; studies with a treatment as usual (TAU) control group were assigned a value of 2; studies with an active treatment control group (other than TAU) were assigned a value of 3. For blinding, non-blinded studies were assigned a value of 0, single-blind studies were assigned a value of 1; and double-blind studies were assigned a value of 2.
The inter-rater agreement was assessed by comparing the ratings of the first author (B.K.)
to the ratings of the fourth co-author (K.C.), who received a written document including specific instructions on rating the studies and one-hour training about the rating procedure.
Summary Measures
The meta-analyses were performed by computing standardized differences in means. We completed all analyses using Microsoft Excel or Comprehensive Meta-Analysis, Version 2.2.057 (CMA; 41).
Synthesis of Results
Effect sizes were computed using means and standard deviations (SD) when available. In the remaining studies, the effect sizes were computed using other statistics such as F, p, t, and χ 2 .
In within-group analyses, when the correlations between the pre-and post-treatment measures were not available, we used a conservative estimate (r = .70) according to the recommendation by Rosenthal (42) . For all studies, Hedge's g, its 95% confidence interval (95% CI) and the associated z and p values were computed. To calculate the mean effect size for a group of studies, individual effect sizes were pooled using a random effect model rather than a fixed effect model, taking into account that the selected studies were not identical (i.e., did not have either an identical design or target population).
For all studies' groups, the mean Hedge's g, the 95% confidence interval (95% CI), and the associated p-values were computed. We systematically assessed the heterogeneity among
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Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS 11 studies in each group using I 2 and the chi-squared statistic (Q). I 2 measures the proportion of heterogeneity to the total observed dispersion and is not affected by low statistical power.
Higgins, Thompson, Deeks, and Altman (43) suggested that an I 2 of 25% might be considered as low, 50% might be considered as moderate, and 75% might be considered as high.
Risk of Bias across Studies
To assess publication bias, we computed the fail-safe N (42) and we constructed a funnel plot.
Additional Analyses
According to the objectives of this meta-analysis, we conducted meta-regression analyses. The aim of meta-regression analyses is to assess the relationship between one or more variables (moderators) and the pooled effect size. In this meta-analysis, we included only prepost results and we investigated five moderators: (1) mean effect size of mindfulness, (2) study quality score, (3) meditation program length (i.e., number of days), (4) mean age of participants,
and (5) year of publication of the paper. Most of these variables were included in previous metaanalyses investigating the effectiveness of Western mindfulness-meditation programs (e.g. 16, 19, 20) .
Results
Study Selection
PSYCINFO searches produced 805 publications, PubMed searches generated 201 publications, CINAHL searches yielded 97 publications, and Web of Science produced 355. We carefully assessed the identified publications and applied the exclusion criteria resulting in 83 publications that were thoroughly assessed. We manually added four publications that were referenced in the assessed publications, and then eliminated the publications that did not fit our
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Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS  12 inclusion criteria. This resulted in a final number of 20 publications (18 journal articles and two PhD dissertations; 21 studies), which were included in the analyses. The study selection process is illustrated in detail in Figure 1 .
Study Characteristics
The effect size (Hedge's g) and other characteristics for each study are shown in Table 1 .
The total number of participants included in our meta-analysis was 2912. Among them, 1650
were assigned to a meditation retreat treatment and 1262 were controls.
Most studies (n = 16) were conducted in 2000 or later and only five were conducted prior to 2000. Most studies (n = 17) were conducted with general (nonclinical) populations, while four studies were conducted with prison inmates, among them one targeting inmates with substance abuse. The majority of participants were novice to meditation (N = 1,489; 90.24%). Almost half of the participants were female (51.13%, mean age = 40.16). The average attrition rate for six studies that reported this measure was 7.68%. Table 1 presents the included studies and their quality scores. Of the 21 included studies, 14 studies were controlled trials, two were randomized controlled trials and the other twelve were controlled but non-randomized. Of the 14 trials with a control group, 11 compared the meditation retreat to a waitlist or no-treatment control, one compared the meditation retreat to a Roman Catholic retreat, one compared the meditation retreat to a vacation, and one compared the meditation retreat to treatment as usual (i.e., chemical dependency treatment and substance use education).
Risk of Bias within Studies
Most of the studies (n = 15) implemented VM. Among them, the majority (n = 12) used standard 10-day retreats, while one lasted nine days, one seven days, and one six days
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one used a 4-day loving-kindness meditation and two used a combination among different meditation styles, one of them lasting three days and the other one lasting 28 days.
Nine studies used at least one validated mindfulness measure and three used a high and comparable to previous meta-analyses (e.g. 16, 19, 20) .
Results of Individual Studies
Hedge's g values for both clinical and mindfulness outcome measures, and at both post treatment and last follow-up, are presented in Table 1 .
Synthesis of results
The effect size (Hedge's g) for both within-group and between-group analyses at the end of treatment and at the last follow-up and other characteristics for each study are shown in Table   1 . Effect sizes, 95% confidence intervals, and heterogeneity (i.e., 
Risk of Bias across Studies
The effect size for all pre-post analyses corresponded to a z value of 26.77 (p < .00001) indicating that 3,527 studies with a null effect size would be needed to nullify our results (i.e., for the two-tailed p value to exceed .05). The Trim and Fill method suggested that the plot is symmetric and that no studies had to be added (see Figure 2 ). Similar results were obtained for controlled studies, with a z value of 13.58 (p < .00001) and a corresponding fail-safe N of 659.
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Similarly to pre-post analyses, the plot was symmetric and suggested that no studies had to be added. These analyses suggest that the effect-size estimates were unbiased and robust.
Additional analyses
At the end of treatment, the average pre-post effect size of clinical outcomes was strongly positively moderated by the effects of mindfulness outcomes (n = 8; β = .71, SE = .22, p < .005) ( Figure 3 ) and very weakly positively moderated by the year of publication (n = 13; β = .007, SE = .0028, p < .01). The average pre-post effect size was not moderated by the retreat duration (p = .52, ns), the study quality score (p = .55, ns), and the mean age of participants (p = .55, ns). At follow-up, due to the limited number of studies, none of the moderators was statistically significant.
Discussion
Summary of evidence
This meta-analysis examined 20 papers (21 studies) of meditation retreats for a combined total of 2912 participants. The results showed that traditional meditation retreats were moderately effective for improved psychological outcomes in healthy populations in both within-group and between-group analyses (i.e., in comparison to a waitlist or to an active treatment). Three studies compared meditation retreats to active treatments; the effect sizes were small to moderate but cannot be generalized due to the limited number of studies and the differences among the control treatments (i.e., stress management, Roman Catholic retreat and vacation). Effects were larger for novice meditators in comparison with experienced ones, possibly because of a floor effect in expert meditators. The effects were also larger among general populations in comparison with incarcerated individuals. No differences were observed among different meditation retreats styles (e.g., Vipassana versus Shamatha).
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Even though meditation retreats did not target a clinical population nor were they aimed at reducing symptoms, large effects were observed on clinical measures, namely depression and anxiety among novice meditators. A significant reduction of stress, an increase of emotional regulation, life quality and process measures of acceptance, compassion, and mindfulness were likewise observed. Effects were maintained at follow-up even though they were moderate. These results are comparable to the ones obtained in the meta-analysis conducted by Eberth and Sedlmeier (39) , which included three studies on traditional meditation retreats.
In addition, the average attrition rate among participants in the selected studies (7.7 %) was smaller than the attrition rate observed in meta-analyses examining mindfulness-based treatments (e.g., 17 % in MBSR for healthy individuals; 20). These results suggest a higher commitment among participants to meditation retreats. However, these results were expected as most trials were not randomized, the majority of participants in the meditation retreats were selfselected, and participants usually pay a considerable fee to participate in a retreat.
When interpreting the findings of this meta-analysis, it is important to consider that even though all studies included a meditation retreat, they varied in implementing the retreat as some comprised Vipassana practice while others used Shamatha meditation, loving-kindness, or a combination of different meditation styles. The duration of the retreat also greatly varied from a minimum of three days to a maximum of 90 days, even though most of the studies (i.e., 15) included a retreat of seven to ten days. The target populations likewise varied among the studies as some were conducted with the general population while others targeted incarcerated individuals, and some had novice meditators while others had more experienced meditators. In addition, studies measured different variables using different scales. This diversity in study designs, outcomes and target population may have been a large contributor to the heterogeneity
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Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS 18 observed in effect sizes in the current meta-analysis. However, despite this heterogeneity, results support significant and large reductions of stress, anxiety, and depression in seven within-groups and four between-group trials.
One obvious question is whether participating in a meditation retreat also produces positive changes on measures of mindfulness. Surprisingly, less than half of the studies (i.e., 43 %) included a validated measure of mindfulness. The results showed that following a meditation retreat, participants perceived themselves as more mindful in comparison with baseline, and that gains were maintained at the last follow-up. These gains were larger for novice meditators in comparison with experienced ones. In addition, mindfulness levels of participants predicted 50% of the amelioration on clinical outcomes. In the three studies that reported a compassion measure, participants perceived themselves as more compassionate at endpoint in comparison with baseline. Due the limited number of studies reporting compassion, we were not able to verify whether compassion is a moderator of outcome measures.
Our results showed that the study quality score did not moderate the efficacy of meditation retreats. These results are consistent with meta-analyses of mindfulness-based treatments (e.g., 16, 20, 44, 45) . However, a negative but weak moderation of the study quality score was found in a previous large meta-analysis (i.e., 19) . The low quality of the studies might explain the absence of moderation in the current meta-analysis. The duration of the retreat also did not moderate its effectiveness. The low variability in retreat duration among the included studies, of which the majority used the standard 10-day format, might explain the absence of moderation. The mean age of participants was also not a significant moderator of effect size.
Finally, the year of publication was a very weak moderator of the effectiveness of the meditation retreats, suggesting that more recent studies had slightly higher effects than older ones. There is Running Head: EFFECTIVENESS OF TRADITIONAL MEDITATION RETREATS  19 no specific explanation of this moderation and its extreme small size practically nullifies its impact on the outcomes measures (predicts less than 0.005 % of the amelioration on clinical outcomes).
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Limitations
Limitations of this meta-analysis comprise the limited number of included studies and the high heterogeneity among some study groups, reducing as a consequence the specificity of the obtained results. Furthermore, the assessed outcomes varied widely from study to study. Due to the limited number of available studies, we also inevitably included studies with different levels of quality, which we quantified via the study quality score and included in the analyses. To address our own expectancy bias, we implemented liberal selection criteria and included a variety of studies. From a clinical perspective, intensive and unsupervised meditation as delivered in meditation retreats is counter indicated for some clinical populations, namely for patients with psychotic disorders or panic disorder as intensive meditation might increase psychotic symptoms or trigger a panic attack (48, 49) . Therefore, individuals with a psychotic disorder, panic disorder, or other severe mental illness should be discouraged from participating in meditation retreats, thereby limiting the scope of meditation retreats to a healthy population, individuals with mild to moderate mental disorders and individuals with medical conditions.
Conclusions
Despite the limitations, our results showed that meditation retreats are moderately to largely effective, specifically for symptoms of stress, anxiety, and depression among a healthy population. In addition, the findings suggest that increases in mindfulness might be a central engage in intensive meditation, namely in forms of retreats. These results are particularly encouraging to novice meditators as they show better outcomes than experienced ones. However, some of these results are still preliminary and need to be repeated to verify their effectiveness among healthy population and individuals with psychological disorders or medical conditions. Therefore, we recommend conducting methodologically rigorous studies to establish the efficacy of meditation retreats in comparison with other types of retreats. In addition, it is recommended that future studies include at least one validated measure of mindfulness and one measure of compassion as they are considered to be central components of meditation retreats.
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